The article presents the results of laboratory tests of selected mechanical and physical properties of fine-grained concrete. The tests were carried out on samples with varying degrees of microsilica addition. The consistency class, shrinkage, compressive and bending strength, water resistance and frost resistance were determined for the designed concrete mixtures and made samples.
INTRODUCTION
Silica fume, otherwise known as microsilica, is waste produced in the production of iron-silicon alloys and has strong pozzolanic properties. It consists mainly of spherical granules of amorphous silicon dioxide SiO 2 , which content ranges from 87 ÷ 98%. The use of microsilica has a positive effect on the porosity of concrete (lowering it), water permeability, reduces swelling and increases the strength. The positive effect of silica fume on the mechanical properties of concrete is the effect of increasing the adhesion of the grout to the aggregate grains and reducing the porosity of the transition zone. This is due to the cooperation of microsilica with superplasticizers and its pozzolanic activity [2] . Silica fume is an essential addition to ultra-high-strength concrete such as reactive powder concrete (RPC) [1, 3, 4] . It is fine-grained concrete in which the most important factor causing high strength is a large reduction in crack formation caused by, for example, load or shrinkage, by reducing the maximum grain size aggregate ≤ 600 µm and degrading them to micro. Table 1 shows an example of a recipe for such a concrete. The main task of this work is to examine the effect of the addition of microsilica on selected properties of fine-grained concrete in order to later use observed regularities for RPC design. The recipe was limited only to the necessary ingredients (cement, aggregate, microsilica, water) to avoid the influence of other components on the properties of the mixture and finished concrete.
MIXTURE RECIPES AND SAMPLES
Three cubes of 15x15x15 cm, 3 cubes 10x10x10 cm and 3 rectangular bars 10x10x50 cm with 5 concrete mixtures ( 
RESULTS OF THE LABORATORY TESTS

Consistency testing
Testing the consistency of designed concrete mixtures was carried out with the use of a drop cone method in accordance with PN-EN 12350-2: 2011 [5] .
The obtained results are presented in Table 3 . The results of the study are in line with expectations. Together with the increase in the amount of microsilica added to the concrete mixture, its density increases, which is the effect of the decreasing W/S water and binder ratio.
Contraction test
The contraction test was carried out on 10x10x50 cm rectangular bars using the Amsler apparatus. The first measurement of shrinkage was made after 48 hours of the samples being made. Samples from the moment of execution from the first measurement were stored in constant thermal and humid conditions in accordance with PN-EN 12390-2: 2011 [6] . After 48 hours, samples were stored at an average temperature of 21°C, and average air humidity: 36.8 %. The exact distribution of temperature and air humidity during the 28-day seasoning of samples is shown in the graph in Figure 1 . Figure 2 shows the course of average time shrinkage for beams made of individual mixtures (Table 2) . Three bars made of each mix were used for the study. The results were averaged. On the basis of the obtained results, it is possible to confirm the positive effect of the addition of microsilica (in the tested range) on the shrinkage of the tested samples. As the amount of silica fume increases, the speed of shrinkage decreases in the mix, which limits the cracking of the finished concrete. 
Compressive strength test
The compressive strength test comprised cubic samples with a side of 15 cm. Each of the samples ripened at least 28. The study was carried out in accordance with PN-EN 12390-3:2011 [7] . Strength classes of the tested concrete were determined on the basis of PN-EN 206-1:2003 [10] . where P c -destructive force of the sample, f c ,28 -compressive strength of concrete after 28 days calculated from the formula:
A -cross-sectional area of the sample 225cm 2 , P cm -average destructive force of the sample, f cm ,28 -average compressive strength of concrete after 28 days.
In the studied range, the results confirm the positive effect of the addition of microsilica on the compressive strength of concrete. At the same time, it should be noted that in the tested mixtures the formula (2.2) underestimates the real strength by an average of 55%. With the increase in the amount of silica fume in the mix, the underestimation of the compressive strength is lower.
Bending strength test
The bending strength test was carried out on rectangular bars 10x10x50 cm, according to PN-EN 12390-5:2011 [8] . Samples were tested during the threepoint bending test, figure 3. where:
f cf -theoretical bending strength; F -load destroying the sample; l -distance between supports; b -width of the cross-section of the bar. In the case of bending strength, the positive effect of the addition of microsilica on the strength parameters of the finished concrete is also confirmed.
Water-tightness test
Cubic samples with a size of 15x15x15 cm. were tested for water-tightness. Each of the samples ripened at least 28 days. Before starting the test, all samples were dried to a constant mass in accordance with PN EN 12390-8:2011 [9] . The test was carried out on a standard apparatus for testing water-tightness of concrete. The water pressure exerted on the samples was lifted every 24 hours from 0.2 MPa to 1.2 MPa. The GV 1 sample began to leak immediately after the start of the study, therefore it is not taken into account when analyzing the test results. The remaining samples remained sealed until the maximum pressure was reached. Table 6 presents the results of the water-tightness test of the samples made. The soaking level was read at the sample breakthroughs (Fig. 4) . The study confirmed that with increasing the amount of microsilica in the concrete mix, the water resistance of the finished concrete increases. This is because the addition of microsilica reduces the porosity of the cement-binder matrix.
Frost resistance test
Cubes with a side of 10 cm were tested for frost resistance. The test consisted in assessing the behaviour of samples during 25 cycles of freezing and thawing in the temperature range from +19ºC to -19ºC. The test involved 15 samples, 3 pieces with different silica fume content, 0%, 5%, 10%, 15%, 20% respectively. The entire test lasted 10 days. To assign the appropriate class of frost resistance after the end of 25 cycles, the samples were inspected for the resulting voids and cracks. It was found that cubes from mixture I (GI1, GI2, GI3) and cubes from mixture II (GII1, GII2, GII3) were completely destroyed. The percentage loss of mass (3.1) and the percentage loss of compressive strength (3.
2) of the samples tested were calculated.
(3.1)
where: G 1 -mean sample weight before freezing (saturated with water); G 2 -mean sample weight after freezing (saturated with water).
where: R 1 -compressive strength of unfrozen samples, converted from strength of the cubes 15x15x15 cm; R 2 -compressive strength of the cubes after the last cycle is thawing. The study showed that it is not possible to assign any class of frost resistance to any of the samples, as the strength drop compared to unfrozen samples is greater than 20%. The test results are presented in the following Table 7 . 
